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tected at the carboxyl group can be directly oxidized 
with a hexavalent chromium compound to give in 
good yield a lactol type cephalosporin represented by 
the general formula: 
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wherein R^ is hydrogen or an alkoxy group and R^ is 
an acylamino, or imido group. The resulting com- 
pounds are very useful and important as intermediates 
for preparing, e.g. 3-alkoxyiminomethyl 

cephalosporins. " 
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PROCESS FOR PRODUCING LACTOL-TYPE (wherein R, and Ra are as previously defined) or a salt 

CEPHALOSPORINS thereof is oxidized with a hexavalent chromium com- 

pound, the oxidation reaction proceeds with readiness 
This invention relates to a novel process for produc- 5 and gives rise the contemplated compounds (I) in ex- 
ing a lactol-type cephalosporin of the genera! formula: cellent yields. This invention is the culmination of the 

above findings. 

, 1 In general formula (11), R' is hydrogen or a lower 

■ ., 3. alkoxy group such as raethoxy, ethoxy, etc.; R^ is an 

^^2^ f I , '*^ amino group which has been acylated by an acyl group 

J' — ^-,;'' - ..' 9^ ^'^' which may be found in the corresponding moiety of 

' : ^ ^' cephalosporin or penicillin compounds. Thus, for ex- 

>._... ,; ample, the amino groups acylated by aliphatic carbox- 

ylic acid acyl groups such as hexanoyl, propionyl, hep- 

'5 tanoyl, cyclopentanoyl, etc., monosubstituted acetyl 

groups such as phenylacetyl, cyclohexylacetyl, 

wherein R^ is hydrogen or an alkoxy group and R^ is an thienylacetyl, tetrazolylacetyl, cyanoacetyl, phenoxya- 

acylamino or imido group, by the oxidation of a 3- cetyl, nitrophenylacetyl, phenylthioacetyl, phenethyl- 

hydroxymethyl-4-carboxyJ cephalosporin. thioacetyl, allylthioacetyl, benzylthiopropionyl, etc.. 

These compounds are not only per se antimicrobial 20 di-substituted acetyl groups such as a-carboxyphenyla- 

but also useful for further synthesis of cephalosporin cetyl, a-bromopropionyl, a-sulfothienylacetyl, a-sulfo- 

derivatives. phenylacetyl, a-hydroxyphenylacetyl, a-phenoxybutyl- 

Although various methods have been presented for oyl, phenylglycyl, cyclohexenylglycyi, thienylglycyl, 

the production of 3-formyl-3-cephem-4-carboxyHc furylglycyl, pheriylmethylglycyl, carbamoylphenyla- 

acid esters, . . . most of which comprises oxidation of 25 cetyl, 5-amino-5-carboxyvaleryl, N-protected 5-amino- 

the corresponding 3 -hydro xym ethyl esters as shown by, 5-carboxyvaIeryl such as 5-benzoylamino-5-carbox- 

for example, USP3,35I,596. U.S. Pat. No. 3,682,903, yvaleryl, 5-(isobomyloxycarbonyl)-amino-5-carbox- 

German Offeniegungschrift 2128605 and Journal of yvaleryl, a-O-methylsulfonylethoxycarbonyO-amino- 

the Medicinal Chemistry 1 0, 966, ( 1 967) . . . , there has phenylacetyl, 5-(j3-methylsuIfonylethoxycarbonyl- 

been no advantageous method for producing com- 30 )amino-5-carboxyvaJeryl, 5-(phenylacetyl)amino-5- 

pound (I) which is a hydrolyzed form of the above- carboxyvaleryl, 5-(p-(t-butyl)-benzoylsuIfonyI)amino- 

mentioned esters. 5-carboxyvaleryl, 5-tosylamino-5 -carboxyvaleryl, 5-p- 

Although one might think of the possibility that the (t-butyl)-benzoylamino-5 -carboxyvaleryl, etc., acryl 

hydrolysis of the 3-formyl 3-cephem-4-carboxyl!c acid group, aromatic acyl groups such as benzoyl, 2,6-dime- 

esters could afford the compounds (I), it is practically 35 thoxybenzoyl, etc., heterocyclic acyl groups such as 

disadvantageous, because, when esterification of 3-for- 5-methy]-3-phenyI-4-isoxazolylcarbonyl, 3-0- 

myl-3-cephem-4-carboxyIic acids is intended without chlorophenyi-5-methyI-4-isoxazolylcarbonyl, etc., and 

causing transition of the double bond from A^ to A^, it so on. R^ may alternatively be an imido group such as 

can be conducted only with diazo-compounds such as phthalimido, succinimido, maleinimido, etc. The start- 

diazomethane, diazoethane, diphenyldiazomethane, 40 jng compound (H) to be employed in this invention is 

phenyldiazoethane. To make the matter worse the hy- subjected to the oxidation either in the form of free 

drolysis of the esters needs so drastic conditions as acid or in the form of salt thereof. The salt of the com- 

inevitably accompany degradation of the esters leading pounds {II) are more commonly an alkali metal salt, 

to complex results. e.g. sodium or potassium salt, although the salt of an 

Even if the esterification is started from 3-acetox- 45 organic base that would not have a specially adverse 

ymethyl-3-cephem-4-carboxylic acids followed by se- effect upon the oxidation reaction, such as triethyi- 

lective hydrolysis of 3-acetoxy group, selective oxida- amine, pyridine and so on. 

tion of 3-hydroxymethyI group and hydrolysis of 4-car- The method of this invention is practiced by permit- 

boxylic acid ester, those difficulties as mentioned ting a hexavalent chromium compound to act upon a 
above cannot be avoided. 50 compound (!I) in the presence of a solvent. The sol- 

A possible alternative method is the isomerization of vents which may routinely be employed include, among 
a 7-phenyIacetyIamino-3-formyl-2-cephem-4-carboxy- others, an organic solvents such as acetone, acetonit- 
lic acid (U.S. Pat. No. 3,682,903), but this is not advan- rile, tetrahydrofuran, ethyl acetate, chloroform, dichlo- 
tageous since the yield of the starting material to be romethane, ether, dioxane, dimethylformamide, di- 
prepared from a commercially available compound and 55 methylacetamide, acetic acid and mixtures of such 
the yield of transition reaction are both very low. solvents. These solvents are desired to be substantially 

Under these circumstances the present inventors anhydrous. 
conducted an extensive research and have ultimately The hexavalent chromium compound may for exam- 

discovered that when a compound of the general for- pie be chromic anhydride, t-butyt chromate, chromyl 
mula; ^^ acetate or chromyl chloride. To promote the oxidation 

reaction, the oxidizing agent is employed in combina- 
tion with an acid such as sulfuric acid, phosphoric acid 
jjl or glacial acetic acid. It should be noticed, however, 

2 x y- ^-^ that since the use of an acid in excess may induce the 

R '\ L Lr-fj rm /tt\ ^^ lactonization, it is desh-able, when the starting com- 

Q ^ ""-.^ ^n^uti [IX ) ppy^^ ^ijj jg ^^^ ;^ ^jjg ^^^ ^j, ^ ^^j^^ ^^ employ the 

' ^ acid not to exceed the amount necessary for the salt to 

'^'^^^ become the free carboxylic acid. Thus, since the lac- 
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Ionization reaction proceeds fast in a pH near or below ,S-Iaotain groups. On the other hand when the com- 
the pKa Cnear 2.90) of the 4-carboxylic acid, it is desir- pound is in the lactol form (I), it is stable enough to be 
able to maintain the pH of the reaction mixture near separated by routine procedures, 
the pKa of the 4-carboxylic acid. Thus, when a salt of Therefore, on isolation of the compound, one might 

starting compound (II) is employed, for instance, the 5 adjust the pH of the reaction mixture to 2-7 (prefer- 
ratio of hexavalent chromium compound (per oxida- ably about 2.5 to 4) to keep the product in a stable 
tion equivalent): acid (per mole): compound to be lactol form (I) and then extract the reaction mixture 
oxidized (II) (per mole) is preferably 2:1:1 when the with an organic solvent such as ethyl acetate, butyl 
compound to be oxidized (II) is a monobasic carbox- acetate, methyl isobutyl ketone or the like. The extract 
ylic acid or 2:2:1 when said compound (II) is a dibasic 10 may usually be purified by, for example evaporation, 
acid- That is to say, the ratio is generally expressed as recrystallization. Besides the above procedures, the 
2:n:l, wherein n is the number of the acid group in- compound can be purified by such routine procedures 
volve'd in the starting compound (II). Thus, satisfactory as liquid chromatography, thin layer chromatography 
results are obtained when the hexavalent chromium and so forth. 

compound is permitted to act upon the salt of the start- '5 The compound (1) is treated with an alcohol such as 
ing compound (11) in the presence of a sufficient methanol, ethanoi, propanoi and butanol in the pres- 
araount of acid to convert the salt to the free carboxylic ence of an acid or with an acylating agent such as ace- 
acid. When compound (II) is used in the form of free tylchloride, acetylbromide and acetic anhydride, 
carboxylic acid, it is necessary to react the hexavalent whereby the lactol hydroxy! group of the compound (I) 
chromium compound while the pH of the reaction 20 is substituted by an alkoxy or an acyloxy group, 
mixture is maintained at a value near the pKa of the The starting compound (II) or salt thereof can be 

4-carboxylic acid. For the purpose, the hexavalent prepared by the removal of the acetyl group from the 
chromium compund per oxidation equivalent is used 2 compounds of the general formula: 
times of the starting compound (II) (per mole). 

Further, the compound (II) is oxidized preferably in 25 
a state of salt with sodium or potassium and the salt is R „ 

suspended in finely divided state in the reaction sol- g ^^^l j^ ^ 

vent. The hexavalent chromium compound is prefer- R J— .-K ^^LcHpOCOCH, (IV 

ably dissolved in the reaction solvent which contains a o ^f^ ^ 

small amount of water necessary for dissolving it. As 30 COOH 

the water, moisture contained in the reaction system, 

namely moisture in e.g. an acid, solvent, hexavalent 

chromium compound, etc. may be sufficient. (wherein R' and R'' are as previously defined), the 

Generally, the reaction may be conducted at room reitioval of the acetyl group being effected by enzy- 
temperature under cooling with ice, preferably at 0° to 35 matic or chemical hydrolysis of the compounds of the 
30°C, and goes to conclusion generally within a rela- above general formula. Among them, 3-desacetylceph- 
tively short period of time, say, about 1 minutes. alosporin C can be directly obtained from femientation 

The reaction mixture thus obtained contains the con- processes and can be used as a starting material in the 
templated compound (I) which, depending upon the oxidation reaction. 

solvent polarity and pH of the medium, may exist either 40 The product compounds (I) are antibiotic against 
in the form of 3-formyl-4-carboxylic acid of general penicillin-sensitive or penicillin-resistant strains of Mi- 
formula (III): crococcus pyrogenes var. aureus, pneumobacillus and 

typhoid bacillus. Therefore, these compounds can be 

1 used, for example, as drugs or bactericides for the pur- 

3 45 pose of preventing infections due to said microorgan- 

p2 >i f ^ isms or as food additives for the purpose of preserving 

J' — fI_^^^i_CHO (III) nutrients: For these purposes, the dosage, preparation 

^ 1 form and so on may easily be determinable through 

COOH routine and established manner in antibiotic technol- 

50 ogy. 

Furthermore, the product compound (I) or alkoxy or 
(wherein R' and R^ are as previously defined), which is acyloxy derivatives thereof are of use as intermediates 
a tautomer of the lactol form (I), or in an equilibrium for the production of other cephalosporin compounds, 
mixture of forms (I) and (III). For example, in water. For example, they are reacted with amino compounds, 
ethanoi or methanol at pH above about 3.0, the com- 55 e.g. hydrazine, the hydrazines of alkyl, aryl or heterocy- 
pounds prefer 3-formylcarboxylic acid form (111), while clic compounds such as methyl hydrazine, ethyl hydra- 
at pH of about 2.0 or less, they prefer the lactol form zine, isopropyl hydrazine, phenyl hydrazine, p- 
(I) in the same solvents. The nuclear magnetic reso- nitrophenyl hydrazine, 3,5-diraethyI hydrazine, pyridyl 
nance spectrum of the free acid of 3-formyIcephalos- hydrazine, thienyl hydrazine, 1 -amino-4-methyl hydra- 
phorins in d,-dimethylsulfoxide reveals that they take 6° zine, etc.; acyl hydrazines having aliphatic, aromatic or 
the lactol form (I) predominantly, while the ultraviolet heterocyclic carboxylic acid acyl groups such as acetyl, 
absorption spectrum of the same compounds in ethanoi propionyl, butylyl, valeryl, benzoyl, toluoyl, salicyloyl, 
shows that they exist mainly in the 3-formylcarboxyIic cinnamoyl, picolyl, thienylacetyl, phenylacetyl, phenyl- 
acid form (HI). This is the evidence of an equilibrium thioacetyl, phenyl propionyl, pyridylthioacctyl, cyano- 
relation between forms (I) and (III). *5 acetyl, cyclohexylacetyl, o:-hydroxyphenylacetyl, etc.; 

When a compound is in the 3-formyI-carboxylic acid thiosemicarbazides such as thiosemicarbazide, phenyl- 
form (III), it is too unstable to be isolated by routine thiosemicarbazide, ethylthiosemicarbazide, acetylthi- 
procedures due to unstableness of the free formyl and osemicarbazide, chlorophenylthiosemicarbazide, etc.; 
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arainoguanidine and its derivatives; hydroxylamines duced pressure. The concentrate is washed twice with 
such as hydroxylamine, o-methylhydroxylamine, o- ethyl acetate (400 ml.) and the water layer is cooled to 
acetylhydroxylamine, o-isopropoxyhydroxylamine, by- 5°C and, under stirring, adjusted to pH 2.5 with phos- 
droxylamine-o-sulfonic acid, etc.; primary alky], allyl, phoric acid. It is then extracted with ethyl acetate (600 
aryl, heterocyclic amines,' e.g. ethylamine, propyla- 5 ml.) three times. The extract is dried over anhydrous 
mine, allylamine, cyclohexylamine, aniline, p-nitroani- sodium sulfate and, then, concentrated to dryness 
line, o,p-dinitroaniline, o-chloroaniline, naphthyl- under reduced pressure. The procedure yields N- 
amine, pyridylamine, thienylamine, 4-methyl- isobomyloxycarbonyl-cephalosporin C (55.4 g.). 
piperazylamine, furylamine, etc.; and N-imines, e.g. 2. The N-isobomyloxycarbonyl-cephalosponn C 

pyridine N-imine, quinoline N-imine, etc. in a solvent, '° (5.96 g.) is made into the disodium salt by the addition 
e g. water, methanol, ethanol, etc. in the presence of an of water (20 ml.) and sodium bicarbonate (1 .68 g.). To 
acid catalyst, e.g. sulfuric acid, hydrochloric acid, etc., this aqueous solution are added phosphate buffer (pH 
to obtain the substituted iminomethyl compound repre- 7.2; 100 ml.) and lipase ongmated from Rhizopus 
sented by the general formula: NR400, manufactured, by Osaka Saikm Kenkyusho 

15 under the tradename "Saiken 100" (9.54 g.). At a 
constant temperature of 30°C and with the pH being 
held at about 7.2, the system is stirred for 1 6 hours. The 
reaction mixture is then filtered under suction using 
diatomaceous earth manufactured by Johns-Manville 
-jf_lj3 (V) 20 Sales Corp. under the tradename "Hyflo-Super-Cel" as 

filter aid and the filtrate is concentrated by lyophiliza- 
„j,„-, tion. The concentrate is run onto a column of polys- 

tyrenedivjnylbenzene-copolymer manufactured by 
Lorm and Hass under the tradename "Amberlite XAD- 
whereinR'andR^are as defined above, R'is hydrogen, ^^ 2". The column is first irrigated with water and, then, 
hydroxyl, amino, -OSO,H or an organic residue. The »"* 5% aqueous ethanol (v/v). The tractions contam- 
compound (V) have excellent characteristics as antibi- ™g «>"= V'"'i>'ot compound are pooled and concen- 
otics, e.g. activity against Gram-positive, Gram-nega- '"■^fd ™'!'=' ""^'^'^'l P'«?"7 '\TT, £ N 
tive and penicillin resistant bacteria and may be used in ,„ . Then, the coneen rate is lyophilij:ed to obtain N- 
a manner similar to that of the compound (I). '" >=.°bornyloxycarbonyl-deacetylcephalospo^^^^ C diso- 

The presem invention is illustrated in further detail *um 4.87 g.), melting point: 165 -170 C(decomp.) 
below with reference to examples, but i, is to be under- Nud"'^ TcH 0H)''T2'?nH d 1-5Hz 6 H) 

stood that the examples are solely for the purpose of tS ?{]'rt jijH 7 m '■^*""'* ■'^" ' '• 

illustratidnandnottobeconstruedaslimitationsotthe ^^ 'iJ.^^d'^i^^J.fo; /p,^„„„ (KBr disc): n60(/3- 
mvention and that many variations may be resoled to j^^tam ring), 1599cm-(-CO.Na). 
without departmg from the spint and scope of he in- ^J^^^^■J^, absorption spectrum: X.„«.» 261.5nm; 

vention. In this specification, g. , mg. , m!. , HoO oo'i '^r^m 

"cm.", "Hz", "MHz", "mm", "m.p." and "decomp." '^'""•- ^^^■^"'^■ 
are abbreviations of "gram", "milligram", "milliliter", ^q 3. 

"centimeter", "Hertz", "megahertz", "nonameter", 7-^-[D-5-(isoborny]oxycarbonyl)amino-5-carbox- 

"melting point" and "decomposed", respectively; ali yvaleramido]-3-formyl-3-cephem-4-carboxylic acid 

the temperatures are uncorrected and the percentages ^^^^^^^ g^ ^j ^ .^ ^^^^^ ^^ N-isobornyloxycarbo- 

are all on the weight basis excep specifically defined. „yi.deacetylcephaIosporin C disodium (2.99 g.) and 
The NMR spectra m the examples to be given herem- ^^ ^^ ^^^^j^^>^ suspension is stirred under cooling at 5'C. 
after were measured using a Vanan T60 or a HAiOO ^ ^ gg ^j ^^ ^ ^j^^;^^ (hereafter referred to 
spectrometer, with tetramethyisilane as an internal ^ ^^ ^^ composed of chromic anhydride 

reference. The S values were expressed m p.p.m. Un- 2.67 g.; choice grade), concentrated sulfuric acid 

less otherwise specified, deutenochloroform was used 53 ml., H2SO4 1 .77 g./ml.) and water (to make 1 5.0 

as the solvent. The symbols signifies a singlet, d a doub- 50 ^j ^ j^ ^^^^ dropwise over a period of 3 minutes, 
let, t a triplet, q a quartet. ABqzAB type quartet, m a fonowed by stirring for a further 20 minutes at 5=C. 
multiplet and J a coupling constant in Hz. ^^^j. ^j^^ reaction has been completed, a major portion 

EXAMPLE 1 of the acetone is distilled off, followed by the addition 

, , , L , ■ ,-. of water (30 ml.). The solution is extracted with ethyl 

i. N-lsobornyloxycarbonyWeacetylcephalosponn C 55 acetate(50 ml.) three times. The ethyl acetate layer is 
disodium. dried over anhydrous sodium sulfate and, then, evapo- 

To cephalosporin C monosodium (47.4 g.) are added rated to dryness under reduced pressure. The proce- 
water (500 ml.) and acetone (150 ml.) and the resul- dure yields 7-j8-(D-5-(isobomyIoxycarbonyl)amino-5- 
tant mixture is maintained at 3''-4°C. While the mixture carboxyvaieramido)-3-formyl-3-cephem-4-carboxyHc 
is stirred, its pH is adjusted to 9.0 by the addition of 60 acid (2.06 g.). Nuclear magnetic resonance spectrum 
sodium carbonate powder and, then, isobornyl chloro- (dg-dimethylsulfoxide + DgO); S 5.07(1 H,d, J=5Hz, 
carbonate (43.3 g.) is added dropwise over a period of 6-H), 5.75( iH,d, J=5Hz, 7-H), 
1.5 hour. Throughout this period, sodium carbonate 
powder is added from time to time to maintain the pH 
of the system at 9.0. The mixture is stirred at 3°-4''C 65 

andpH 9.0 for another 1.5 hour. Thereafter, the pH is 6.23 (IH, 3, V*^^>^- S ^ 

brought to 7.0 by the addition of phosphoric acid and a -r^^^ ■ OH 

major portion of the acetone is distilled off under re- 
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Infrared absorption spectrum (KBr disc): the above A method by comparing their infrared ab- 
I797cm-'(i3-lactam ring). sorption spectra. 

Ultraviolet absorption spectrum: \ ^ar"'^" 300 "tn; 2 

X„,.."=° 238 nm X,,,.,"^"-'' ™ 260 nra: X ,,.''!<^ ^ 7-j3-(5-carboxy-5-phenylacetylaminobutyramido)-3- 
" ^^ ^233nm. formyl-3-cephem-4-carboxyiic acid 

The nuclear magnetic, resonance spectrum of this _ j j n, u i . i 

product in de-dimethylsulfoxide reveals that it takes the In acetone (10 ml.) is ^suspended N-phenylaeetyl- 

lactol form which is a tautomer of the 3-formyl-car- deacetyl-cephalosporin C disodium (510 mg.) and the 
boxylic acid, while the ultraviolet absorption spectrum mixture is cooled to 5 C with ice under snrrmg. To this 
of the same in aqueous solution suggests that it takes '° suspension is added the reagent B according to Exam- 
°he 3-formyl-carboxylic acid form. The ultraviolet ab- plc 1 (0.375 ml.) over a period of 10 mmutes and then 
sorption spectrum of the same product in diluted sulfu- the reaction mixture is concentrated under reduced 
ric acid solution indicates that it exists in the lactol Pressure. To the residues added water (10 ml.), fot 
' lowed by extraction with 3 portions of ethyl acetate (30 

"■ " ml.). The organic layers are pooled, washed with water, 

EXAMPLE 2 dehydrated (over anhydrous sodium sulfate) and con- 

centrated. The procedure yields an almost pure sample 
1 . N-Phenylacetyl-deacetylcephalosporin C disodium of 7-^-(5-carboxy-5-phenylacetyIaminobutramido)-^^^^ 
' ^ J f 1- formyl-3-cephem-4-carboxylic acid (312 mg.) in the 

A. Cephalosporin C monosodium (4.20 g.) is dis- 20 j^^^^j j.^^^^ Nuclear magnetic resonance spectrum 
solved in water (50 ml.) and the solution is maintained (de-dimethylsulfoxide): 

at 3°C, with stirring. The .solution is adjusted to pH 8.5 
with sodium carbonate powder, followed by the grad- 
ual addition of a solution of phenylacetyl chloride 5.07(1H, d, J=5Hk), 
{I.60g.)inacctone(10ml.). Afterthedropwiseaddi- 25 ^-.^^^^^ 'd ^ 
tion has been completed, with the pH being held at 8.5, ^ ^--^OH 
the mixture is further stirred under the same conditions o 
for 2 hours. 

The reaction mixture is adjusted to pH 7.20 with ^^ 5.76 (IH, <(, J=5Hz), 6.23(1H, s, 
phosphoric acid and concentrated under reduced pres- Infrared absorption spectrum (KBr disc): 

sure to about 30 ml. 1 794cm~'(^-lactam ring) 

To this concentrate is added phosphate buffer to ultraviolet absorption spectrum: \max^"^" 299 nm 

bring the pH to 7.20 and the volume to 70 ml. The nuclear magnetic resonance spectrum of this 

To this solution is added lipase "Saiken 100" (5.0 g.) ^^ product in dg-dimethylsulfoxide indicates that the com- 
and while the liquid temperature is held at 3D°C, the pound takes the lactol form, while the ultraviolet ab- 
system is stirred for 20 hours. After the reaction, the sorption spectrum of the same in ethanol suggests that 
insolubles are filtered off and the filtrate is concen- the compound takes the formyl form, 
trated under reduced pressure to about 15 ml. The FXAMPLE 3 

concentrate is chromatographed on a column of Am- ^j, E.AAM 

berlite XAD-2, which is irrigated with water to remove i . I„ phosphate buffer (pH 7.2, 200 ml.) is dissolved 

the enzyme and inorganic sah and, then, with a 1% 7-/3-(2-thiehylacetamido)-3-acetoxymethyl-3-cephem- 
aqueous solution of ethanol. 4-carboxylic acid sodium salt (10.12 g.). To this solu- 

The eluate is lyophihzed to harvest a white finely tion is added lipase "Saiken 100" (10 g;) and the sys- 
divided powder of N-phenylacetyl-deacetylcephalospo- ^j tem is allowed to react on a water bath at 30°C for 1 6 
rin C disodium (3.82 g.). hours, with constant stirring. 

Nuclear magnetic resonance spectrum (DaO): Throughout this period, an aqueous solution of so- 

82 1-1.5(4H), 2.5-2.3 (2H), 3.45 and 3.72(2H, J=18 ■ dium hydrogen carbonate is added to the system so that 
Hz 2-H), 3.74(2H), 4.28(1H, t), 4.3S(2H, 3-CHjOH), the pH will not drop below 7.2. After the reaction has 
5.r7(lH,'d, J=4Hz), 5.68(1H, d, J=4Hz), 7.47(5H). 50 been. completed, the system is filtered with diatoma- 

B. Dea'cetylcephalosporin C monosodium (3.72 g.) is ceous earth manufactured Johns-Manville Sale Corp. 
dissolved in water (40 ml.) and while the solution is under the trade name "Celite". The filtrate is concen- 
stirred at a constant temperature of 3°C, its pH is ad- trated under reduced pressure to about 50 ml. and the 
justed to 8.5 with sodium carbonate. To this solution is concentrate is run onto a column of Amberlite XAD- 
then added, dropwise, a solution of phenylacetyl chlor- 55 2(5X57 cm). The column is irrigated first with 500 ml. 
ide (1 60 g) in acetone (10 ml.). After the dropwise of water and then with a 10% aqueous solution of etha- 
addition has been completed, the mixture is further nol (v/v). The eluate is lyophilized to harvest a white 
stirred under the same conditions for 2 hours. After the finely divided powder of 7-/3-(2-thienylacetamido)-3- 
reaction, the mixture is adjusted to pH 7.0 with phos- hydroxymethyl-3-cephem-4-carboxylic acid sodium 
phoric acid and concentrated under reduced pressure 60 (7.8 g.). 

to 15 ml The concentrate is chromatographed on a Nuclear magnetic resonance spectrum (D2O): S 3.4S 

column of Amberlite XAD-2 resin (500 ml.). The col- and 3.72 (2H, J-18HZ), 4.00(2H, s), 4.39(2H s), 
umn is irrigated with water and. then, with a 1% aque- 5.17(1H, d, J=5Hz), 5.72(1H, d, J=5Hz), 7.15 (2H), 
ous solution ofethanol (v/v). The eluate is lyophilized 7.45 (IH). 

to harvest a white finely-divided powder of N-phenyla- 65 Infrared absorption spectrum (KBr disc): 3270, 
cetyl-deacetylcephalosporinC disodium (4.18g.).This 1752, 1659, 1595, 1546cm-'. 



product was identified with the N-phenylacetyl- Ultraviolet absorption spectrum: X „.. 2 235 nm (£ 

deacetylcephalosporin C disodium sample prepared by -II ,000) 
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7-j8-(2-ThienyIacetaniido)-3-formyl-3-cephem-4-car- 
boxylic acid 

In acetone (60 ml.) is suspended 7-^(2- 5 
thienyIacetamido)-3-hydroxyn]ethyi-3-cephem-4-car- 
boxylic acid sodium (1.128 g.). Then, under cooling 
with ice and stirring, 0.75 ml. of a solution (hereafter 
called "reagent A") composed of chromic anhydride 
(2.67 g., choice grade), concentrated sulfuric acid '0 
(2.26 mi.; H2SO4 content 1.77 g./ml.) and water (to 
make 1 0.0 ml.) is gradually added dropwise to the 
above suspension. 

After the dropwise addition has been completed, the 
mixture is stirred under the same conditions for a fur- ^5 
ther 1 minutes. 

Then, the reaction mixture is concentrated and water 
is added to the concentrate. The mixture is extracted 
twice with ethyl acetate (70 ml.) and the organic layers 
are washed twice with water (50 ml.) dehydrated over 20 
anhydrous sodium sulfate and evaporated under re- 
duced pressure to remove the ethyl acetate. The proce- 
dure yields 7-^-(2-thienylacetamido)-3-formyl-3-ceph- 
em-4-carboxylic acid (576 mg.). 

Nuclear magnetic resonance spectrutn ids-DMSO): B 25 
3.68 (2H), 3.74 (2H, s), 3.80-4.60 { IH, m.), 5.06 ( IH, 
d, J=5Hz), 5.82 (lH,q, J=5 and 8 Hz), 6.23 (IH, s. 



Nuclear magnetic resonance spectrum (dg-dimethyl- 
sulfoxide, lOOMHz): S 3.50(3H, OCH3), 3.65(2H, AB- 
pattern q, J=}SHz, 2-proton), 



3.78(2H, [[-IL^ 



5.10 ( IH, d. J=5.0Hz), 5.88( IH, q, J=5.0 and 8.0 Hz), 
6.08(1H, s. 



(IH, d, 



J=5Hz ) , 
H 

OH ^' 



6.90 (2H). 7.29 (IH), 9.15 (IH, d, J=SHz). 

Infrared absorption spectrum (KBr disc): 1790, - 
1770, 1675, 1535cm-^ 

Ultraviolet absorption spectrum: X ^a^" ° 234 nm; X 
„„/ » 299.5 nm 

The ultraviolet absorption spectrum of this product 
reveals the aldehyde structure. On the other hand, the ^ 
infrared and nuclear magnetic absorption spectra of 
the same attest to the lactol structure which is a tauto- 
mer of the aldehyde structure. 

3. In methanol (25 ml.) is dissolved 7-j3-(2- 
thienylacetamido)-3-formyl-3-cephem-4-carboxylic '' 
acid ( I.OO g.), and a catalytic amount of concentrated 
hydrochloric acid is added. The solution is allowed to 
stand at room temperature for 20 minutes. The reac- 
tion mixture is then concentrated under reduced pres- 
sure and the resultant crystals are recrystallized from - 
methanol. The procedure gives the compound (917 
mg.) of the following structural formula: 



OGH./ 



6.90(2H), 7.27( I H), 9.20( 1 H, J=8.0Hz, NH) 
. In ethanol (25 ml.) are dissolved 7-j3-(2-thienyl- 
acetamido)-3-formyl-3-cephem-4-carboxylic acid 

(1.00 g.) and a catalytic amount of concentrated hy- 
drochloric acid. The solution is allowed to stand at 
room temperature for 30 minutes. The reaction mix- 
ture is then concentrated under reduced pressure and 
the resultant crystals are recrystallized from a mixture 
of dichloromethane and ether. The procedure gives the 
compound (920 mg.) of the following structural for- 
mula: 



^^ 




^A 



0^°' o^'j^s 



Melting point: I74°-175°C. 

Infrared absorption spectrum (KBr disc): 3325, 
1796, 1780, 1675, 1535cm-' 

Ultraviolet absorption spectrum: X nax^'°" 236.5 nm 
(^: 1400), 260nm (€=6230) 

Nuclear magnetic resonance spectrum(deuterio- 
chloroform, 100 MHz): S 1.27<3H, t, — CHjCHs), 
3.53(2H, s, 2-proton), 3.84(2H, s), 3.82(2H, 
CHjCHj), 4.98(1H, d, J=5.0 Hz), 




5.84{1H, 



^l 



■ . ont. -^na'r- ,A > 5.88(1H, q, J=5.0 and 9.OH2), 6.64(1H, J=9.0Hz, 

Meltmg pomt: 205°-209 C (decomp.) ,. NH) 6 9fir2Hl 7 mriHl 

Infrared absorption spectrum (KBr disc): 1795(^- 65 NH), 6.96(2H), 7.20(1H) 
lactam ring), 1663 and 1566cm-' (amide linkage) Elementary analysis: Found: C, 50.47; H, 4.23; N, 

Ultraviolet absorption spectrum: X .„™ "" 236 nm 7.13%. Calcd. (for CH.sNjOsSj): C. 50.51; H. 4.24; 
(.=12000), 260nra (€=6500) N, 7.34%. 
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mixture is further stirred at 3°C for 20 minutes. After 

the reaction has been completed, a major portion of the 

I. acetone is distilled off under reduced pressure and 

7^/3-[D-.-(^-Me,hylsulfonylethoxycarbonyl)amino- water (40 ml.) is added The^™xt"re |s th- extra^^^^^^^^ 

phenyIacetamidol-3-hydroxymethyl-3-cephem-4-car- 5 tw.ce with ethyl acetate (50 -U- The eftyl^ace a e 

boxvlic acid sodium solution is dehydrated over anhydrous sodium suitate 

boxylic acra sooium ^^^ ^^^ evaporated to dryness under reduced pres- 

To 7-/3-(D-a-aminophenylacetamido)-3-acetox- ^^^^ ^^^ procedure yields 7-;8-[D-a-C;8-methylsul- 

ymethyl-3-cephem-4-carboxylic acid (8.10 g.) are fo„yiethoxy-carbonyl)amino phenylacetamido]-3-for- 

added water ( 100 ml.) and acetone (20 ml.). lo „yi.3.cephem-4-carboxylic acid (266 mg.). 

This solution is cooled to 3°-4°C and, under stirring, Nuclear magnetic resonance spectrum (ds-dimethyi- 

potassium carbonate powder is added to the solution to s„i((,xide + DjO)- 6 3.04(3H, s, — SO^CH,), 5.04( 1 H, 

bring its pH to 8.5. Then, a solution of /?-methylsul- ^ j_5Hz 6-H), 
fonylethoxycarbonyl chloride (4.48 g.) in acetone (20 

ml.) is added dropwise over a period of 1 hour. During [5 
this period, potassium carbonate powder is added from 

time to time to maintain the pH at 8.5. Then, at a con- ^ 40(1H sf^-CH-l 

stant temperature of 3"-4°C, the reactionn mixture is - • > > ' ^o' , • 
further stirred for 1 hour. Then, the pH is adjusted to 

7.0 with phosphoric acid and a major portion of the 20 j 83(ih d J=5Hz 7-H), 6.22(1H, 
acetone is distilled off under reduced pressure. The ■ 
concentrate is washed with ethyl acetate (100 ml.) 
twice and while stirring at 5°C, its pH is brought to 2.5 
with phosphoric acid. The resultant precipitate is ex- 
tracted with ethyl acetate {150ml.) twice. Theextracts 25 " "" 
are pooled and dried over anhydrous sodium sulfate, 

followed by concentration to dryness under reduced inffjred absorption spectrum (KBr disc): 

pressure. The procedure yields 7-/3-[D-a-(^methylsul- i794cm-'(/3-lactam ring) 

fonylethoxycarbonyD-aminophenylacetamido] -3- Ultraviolet absorption spectrum: X ..x"'" 299 nm; X 

acetoxymethyl-3-cephem-4-carboxylic acid ( 10.50 g.). 30 „^a 243 nm. X ^J'l'-" ^'' 259 nm; X „J'''^ 

This .7-^-[D-a-methy]sulfonylethoxycarbonyl- ^'^so 239 nm 

)aminophenylacetamido]-3-acetoxymethyl-3-cephem- -^^ nuclear magnetic resonance spectrum of this 

4-earboxylic acid (5.00 g.) is made into the corre- p^duct in d,-dimethylsulfoxide reveals that it takes the 

sponding sodium salt by the addition of water (30 ml.) j^^^^j ^^^^ ^,^1^,^ ^^ ^ tautomer of the 3-formylcarboxy- 

and sodium bicarbonate (0.756 g.). 35 |j^ ^^j^ ^^^^^^ v/Wls the ultraviolet absorption spectrum 

To this aqueous solution are added phosphate buffer ^^ ^^^ ^^^^ ^^ aqueous solution shows that it exists in 

(pH 7.2, lOO ml.) and lipase "Saiken 100" (8.00 g.), ^^ 3-formylcarboxylic acid form. The ultraviolet ab- 

and at a constant temperature of 30°C, the system is sojpjjon spectrum of the same product in diluted sulfu- 

agitated for i 3 hours, the pH being controlled at about ^^ ^^j^ reveals that it is in the lactol form. 

7.2. The resultant reaction mixture is run into a column 40 j j^ ^^^y^, anhydride (2 ml.) is dissolved 7-/3-[-D-o- 

of Amberlite XAD-2. The column is irrigated first with (j3_methylsulfonylethoxycarbonyl)amino- 

water and then with a 10* (v/v) aqueous solution of p),e„y|acetainido]-3-formyl-3-cephBm-4-carboxylic 

ethanol. The fractions containing the contemplated ^^j^ ^204 mg.) and while the resultant solution is 

product are pooled and concentrated under reduced (-ooled to 5°C, a drop of pyridine is added. The solution 

pressure to remove the ethanol. The concentrate is 45 .^ ^\\a^i,i to stand at room temperature for 1.5 hour, 

lyophilized to harvest 7-/S-[D-a-(^methylsulfonyle- xhen, the solution is extracted twice with ethyl acetate 

thoxycarbonyl)aminophenylacetamido)-3-hydroxymc- ( 15 ml.) and washed with a saturated aqueous solution 

thyl)-3-cephem-4-carboxylic acid sodium (3.73 g.), ^^ sodium chloride. The organic layers are pooled, 

melting point: !66°-169°C (decomp.). dehydrated over anhydrous sodium sulfate and concen- 

Nuclear magnetic resonance spectrum (D^O): S 50 ^^^^^ ^^j^^. ^^^^^^j pj.gggypg jjjg residue is run onto 

3.11(3H, s, — SO2CH3), 4.34(2H, s, 3-CH,OH), jeolumnof siUca gel and eluted with ethyl acetate. The 

5.12(1H), 5.42(IH), 5.76(IH), 7.36(5H). _^ fractions are pooled and concentrated to dryness under 

Infrared absorption spectrum(KBr disc): 1764cm ^ reduced pressure, whereupon two types of acetate sep- 

(^-lactam ring), 1602cm-' (—COjNa). aratc. 

Ultraviolet absorption spectrum: X n,„j. 262 nm, X 5.-) j^y^lear magnetic resonance spectra (ds-dtmethylsul- 

„„" " 239 nm. foxide -^ DjO): 

2. 

7-;e-[D-a-(,e-Methylsulfonylethoxycarbonyl- «- Acetate 

)aminophenyl-acetamidoI-3.formyl-3-cephera-4-car- f^ 

boxylic acid 

Acetone ( 16 ml.) is added to 7-/3-(D-a-(^-methylsul- H 

fonylethoxycarbonyOaminophenylacetamido j-3- s 2.22{3H. s. — ccHa). 
hydroxymethyl-3-cephem-4-carboxylic acid sodium 

(535 mg.) and the resultant suspension is stirred under 65 

cooling at 5°C. Then, the oxidizing reagent A prepared <;nrH1 SIUIH d J=5Hz 6-H) 

according to Example 3 (0.250 ml.) is added dropwise 3.08 3H, s, -SOaCH ) S.IKIH, d, J 5Hz, 6 H). 

to the suspension over a period of 3 minutes and the 5.S7(1H, d, J-:iHz, /-H), 
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7.00(1H, 



H 
■OAc 



H ) 




i^%~OB.CQWii 



;S-Acetate 



3.08(3H, s. — SO2CH3), 5.08(1H, d, J=5Hz, 6-H), 
5.86(lH,d,J=5Hz, 7-H), 



H 




Infrared absorption spectrum ( KBr disc): 1 755 
cni-'()8-Iactam ring), 1220 and 1045 cm-'CSOa"). 

2. 
7-^-{D-a-sulfophenylacetaniido)-3-foniiyl-3-cephem- 
4-carfaoxy!ic acid monosodium 
In acetone (5 ml.) is suspended 7-^{D-a-sulfoph- 
neyIacetamido)-3-hydroxymethyl-3-cephem-4-car- 
boxylic acid disodium (225 mg.) and tiie resultant sus- 
pension is stirred under cooling at 5°C. To this suspen- 
sion is added the reagent B according to Example 1 
(0-187 ml.) over a period of 1 minute. 

After the dropwise addition has been completed, the 
mixture is stirred for another 1 minutes and, then ,the 
reaction mixture is concentrated under reduced pres- 
sure. 

To the residue is added water (2 ml.), followed by the 
addition of sodium hydrogen carbonate so as to bring 
20 the pH to 2.5. The solution is then chromatographed on 
a column of Amberiite XAD-2 resin and desorbed with 
water. From the inorganic ion-free eluate, the fractions 
containing the contemplated product are collected and 
lyophilized. The procedure yields powdery crystals of 
25 7-^-(D-Q:-suIfophenyiacetamido)-3-formyl-3-cephem- 
4-carboxylic acid monosodium (106 mg.). 

Nuclear magnetic resonance spectrum DgO, 100 
MHz): S 3.68(2H), 5.06(1H. d. J=5Hz), 5.77(1H, d, 
J=5Hz), 5.18(IH), 
30 



15 



6.22(1H, 



A 



OH ), 



7.46-7.79(5H) 



EXAMPLE 6 



EXAMPLE 5 

1. 

7-;3-(D-a-Sulfopheny!acetamido)-3-hydroxymethyI-3- 

cephem-4-carboxylic acid disodium 

In phosphate buffer (15 ml.) is dissolved 7-i8-(D-Q!- 
suifophenylacetamido)-3-acetoxymethy]-3-cephem-4- 
carboxylic acid disodium (1.0 g.). After the solution is 
adjusted to pH 7.20, lipase "Saiken 100" (!.0 g.) is 
added at 30°C and the mixture is stirred for 20 hours. 
The reaction mixture is concentrated under reduced 
pressure to 5 ml. and the concentrate is chromato- 
graphed on a column of methylated dextran manufac- 
tured by Pharmacia under the tradename "Sephadex 
LH-20". The column is irrigated with water to remove 
the enzyme and the active fraction is lyophilized to 
obtain a while powder (2.53 g.). This product includes 
inorganic matters. Therefore, the product if further 
chromatographed on a column of Amberiite XAD-2 
resin and carefully eluted with water. The inorganics- 
free fraction is lyophilized to harvest white powdery 
crystals of 7-^(D-or-sulfophenyIacetamido)-3-hydrox- 
ymethyl-3-cephem-4-carboxylic acid disodium (512 
mg.). 

Nuclear magnetic resonance spectrum {DgO, 
lOOMHz): 

S3.36 and 3.65 (2H, AB-pattern q, J=18Hz), 
4.33(2H), 5.15(!H, d, J=5.0Hz). 5.18(IH), 5.76(!H, 
d, J=5.0Hz), 7.46-7.79(5H). 



1. N-(p-(t-butyl)-benzenesulfonyI)-cephaIosporin C. 

40 

In the method of Example 1(1), p-(t-butyl-ben- 
zenesulfonyl chloride is employed instead of isobornyl 
chlorocarbonate and reacted at 1 5° - 20°C to give the 
objective compound. 

45 Infrared absorption spectrum (KBr disc): 1770, 
1728, 1710. 1660 cm-^ 

Nuclear magnetic resonance spectrum (de-dimethyl- 
sulfoxide): 8 1.29(9H), 2.01(3H), 3.40 and 3.64(2H, 
ABq), 4.70 and 5.02(2H, ABq), 5.06( IH, d). 5.64( I H, 

SO q), 7.50 and 7.68(4H, ABq), 7.94( IH, d), 8.72( IH, d). 

2. Disodium 
7j8-[5-(p-t-butylbenzenesulfonamide)-5-carbox- 
yvaIeramido]-3-hydroxymethyi-3-cephem-4-carboxy- 
55 '^^^ 

N-(p-(t-butyl)-benzenesulfonyl)-cephalosporin C 
(50 g.) is reacted in a manner similar to that in Exam- 
ple 1 (2) and the reaction mixture is cooled down to 
5°C, followed by adjusting its pH to 2.90. The solution 
60 is added 1 1. of ethyl acetate and the mixture is stirred 
thoroughly, followed by filtration using Celite. The 
Celite is washed wjth ethyl acetate (500 ml.) and the 
washing is combined with the filtrate. The ethyl acetate 
layer separated is washed wish water ( 100 ml. x 3) and 
65 added 3% aqueous solution of sodium hydrogen car- 
bonate until the pH of its aqueous layer becomes 5.5, 
followed by separating the aqueous layer. The aqueous 
layer is adjusted its pH at 7.0 and lyophilized to give the 
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objective compound (35.6 g.). Infrared absorption 
spectrum (KBr disc): 1754, 1660, 1595 cm "'. 

Nuclear magnetic resonance spectrum {D20>: 5 
I.30(9H), 4.36(2H), 5.I5(1H. d), 5.68(1H, d). 7.60 
and7.86(4H, ABq). 

3. 
7/3-[5-(p-t-butylbenzenesulfonamido)-5-carbox- 
yvaleramido]-9-oxo-l 1-hydroxy-I lH-furano[4,3-c]-3- 
cephem 1 

The hydroxymethyl derivative obtained in above (2) 
is treated in a manner similar to that in Example ! (3) 
to give the objective compound. Infrared absorption 
spectrum (KBr disc): 17S8, 1728, 1665, 1534, 1323, ^ 
1158 cm"'. 

Nuclear magnetic resonance spectrum (de-DMSO); S 
1.29(9H, s), 1.3-1.9(6H, m), 3.4-3.8 C2H, m), 
5.06(1H, d, J=5H7.), 5.80(1 H, q, J=5 and 8H2), 6.24 



Infrared absorption spectrum (KBr disc): 1760, 1160 

cm"^ 

Nuclear magnetic absorption spectrum (D^O); S 
1 6-1.9(4H, m), 2.1-2.5(2H, m), 2.49(3H), 3.6(IH), 
3.49 and 3.74(2H, ABq), 4.35(2H), 5.16(1H, d), 5.63 
(IH. d), 7.47(2H, d), 7.80(2H, d). 

2. 
7^-(5-Tosylamido-5-carboxyvaleramido)-9'Oxo-ll- 
I hydroxy-I lH-furano[4,3-C]-3-cephem 

N-Tosyl-3-desacethylcephalosporin C disodium is 
treated in the similar manner as Example 1 (3) to give 
the objective compound. 
Mehing point: 157 -160°C (decomp.) 
' Infrared absorption spectrum(KBr disc); 1800, 1160 
cm~\ 

Nuclear magnetic resonance spectrum(d6-I>MSO, 

100 MHz): 6 1.4-I.9(4H, m, — (CH,) 2—), 

1.9-2.3(2H,m,-CH2-), 2.34(3H, s, CH3), near 

' 3-65(3H, s, 2-CH2, and methin) 5.04( IH, d, J=S.0Hz), 



(IH, broad 



H 1. 
OH 



5.20(1H, broad 



7.5I(2H, d, J=8Hz), 7.69(2H, d, J=8Hz), 7.93(1H, d, 
J=8Hz), 8.80(1 H, d, J=8Hz). 

EXAMPLE 7 

1 . N-benzoyI-3-deacetylcephalosporin C disodium 

N-benzoylcephalosporin C is treated in a manner 
similar to that in Example 1 (2) to give the objective 
compound. Infrared absorption spectrum (KBr disc): 
1757, 1645, 1600, 1535 cm-'. 

Nuclear magnetic resonance spectrum (D2O): 5 
1 90(4H, m), 2.50(2H, m), 3.30 and 3.65(2H, ABq), 
4.33(2H), 5.15(1H, d), 5.68(1H, d), 7.63(3H), 
7.90{2H). 

Ultraviolet absorption spectrum: Xmax^s 230, 260 nm. 

2. 

7^-( 5-benzamido-5-carboxy valeramido )-9-oxo- 1 1 - 
hydroxy- 1 1 H-furano[4,3-c]-3-cephem 

N-benzoyl-3-deacetyicephaIosporm C disodium is 
treated in the same manner as in Example 1 (3) to give 
the objective compound. 

Infrared absorption spectrum(KBr disc): 1790, 1730, 
1641, 1535 cm-'. 

Nuclear magnetic resonance spectrum(d6-DMSO): S 
1 4O-1.90(4H, m), 2.00-2.40(2H, m), 3.45 and 3.76 
(2H, ABq, J=18Hz), 4.37(1H, m), 5.05(1H, d, 
J=5Hz), 5.82(IH, q, J=5 and 8 Hz), 






5.77(1H, q, J=9and5Hz). 

Elementary analysis: Found: C, 47.19; H, 4.32; N, 
7.40. Calcd. (forC2,H„N30,S2): C, 47.99; H, 4.41; N, 
' R nn 



EXAMPLE 9 



6.24(1H, m, 



As 



7.30-7.55r3H, m), 7.75-8.00{2H. m), 8.55(1H, d, , 
J=8Hz), 8.90(1 H, d, J=8Hz). 
Ultraviolet absorption spectrum: Xmax"^" 302 nm. 

EXAMPLE 8 
1 . N-Tosyl-3-deacethyIcephaiosporin C disodium , 
N-Tosy!cephalosporin C disodium is treated in a 
manner similar to that in Example 1 (2) to give the 
objective compound. 



1. N-{p-(t-butyI)-benzoyI)-cephalasporin C 

35 In the method of Example 1(1), p-(t-butyl)-benzoyl 
chloride is employed instead of isobomyl chlorocar- 
bonate and reacted at 1 S^C to give the objective com- 
pound. 

Infrared absorption spectrum (KBr disc), 1778, 
40 1730, 1708, 1680, 1660, 1540 cm-'. 

Nuclear magnetic resonance spectrum (da-dimethyl- 
sulfoxide); 8 I.2S(9H), about 1.5-1.9(4H), 2.01(3H), 
2.10-2.35 (2H), 3.36 and 3.61(2H, ABq), 4.37(1H), 
4.68 and 4.99 (2H. ABq), 5.06(IH), 5.67(1H), 7.46 
45 and 7.82(4H, ABq), 8.41(IH), 8.79(1H). 2. Disodium 
7^-[5-(p-t-butylbenzamido)-5-carboxyvaleramido]-3- 
hydroxymethyf-3-cephem-4-carboxylate 

N-[p-(t-butyl)-benzoyt)-cephalosporin C is treated in 
a manner similar to that in Example 3 ( 1 ) to give the 
50 objective compound. 

Infrared absorption spectrum (KBr disc); 1760 cm ' 

Muclear magnetic reasonance spectrum (D2O): S 
1.25(9H), 3.27 and 3.57(2H. ABq), 4.30(2H), 5.07 
(IH), 5.68(IH), 7.50 and 7.84(4H, ABq). 

'' 3. 

7/3-f5-(p-t-butylbenzamido)-5-carboxyvaleramidol-9- 

cxo-1 1-hydroxy-l lH-furano[4,3-cl-3-cephem 

Disodium 7j8-(5-(p-t-butylbenzamido)-5-carbox- 

60 yvaleramido]-3-hydroxymethyl-3-cephem-4-carboxy- 

late is treated in a manner similar to that in Example 

3(2) to give the objective compound. 

infrared absorption spectrum (KBr disc): 1790, 
1730, 1640, 1534 cm-'. 

Nuclear magnetic resonance spectrum de-DMSO): S 
1.29(9H, s), 1.50-1.95(4H, m), 2.I0-2.40(2H, m), 
3.36 and 3.58(2H, ABq), 4.36(1H, m), 5.06(1H, d, 
J=5Hz), 
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oxidation being carried out at a temperature of about 
0° to 30°C at a pH close to tlie pKa of tlie 4-carboxylic 
group of said starting compound- 

2. A process for preparing a product compound hav- 
ing the formula 



S.SKIH. q, J=5 and 8 Hz), 7.45 and 7.83(4H, ABQ, 
J=8Hz), 8.43(1 H, d, J=8Hz), 8.86(1 H, d, J=8Hz). 

What we claim is: 

1. A process for preparing a product compound hav- 
ing the formula 



= 1 



o 




wherein R' is hydrogen, methoxy or ethoxy, and R^ is 
20 an amino group acylated with N-protected 5-aniino-5- 
carboxyvaleryl, said process comprising directly oxidiz- 
ing a starting compound having the formula 



wherein R' is hydrogen, methoxy or ethoxy, and R^ is 
an amino group acylated with a member selected from 25 
the group consisting of hexanoyl, propionyl, heptanoyl, 
cyclopentanoyl, phenylacetyl, cyclohexylacetyl, 
thienylacetyl, tetrazolylacetyl, cyanoacetyl, phenoxya- 
cetyl, nitrophenylacetyl, phenylthioacetyl, phenethyl- 
thioacetyl, allylthioacetyl, benzylthiopropionyl, a-car- 30 
boxyphenylacetyl, a-bromopropionyl, a-suifothienyla- 
cetyl, a-suifophenylacetyl, a-hydroxyphenylacetyl, a- 
phenoxybutyloyl, phenylglycyl, cyclohexenylglycyl, 
thienylglycyl, furylgiycyl, phenylmethylgiycyl, car- 
bamoylphenylacetyl, 5-amino-5-carboxyvaleryl, 5-ben- 35 
zoylamino-S-carboxyvaleryl, 5-(isobornyloxycar- 

bonyI)-amino-5-carboxyvaleryl, Q;(;3-methyIsulfonyle- 
thoxycarbonyO-aminophenylacetyl, 5-(^-methylsuI- 
fonyIethoxycarbonyi)amino-5-carboxyvaIeryl, 
5( phenylacetyl )amino-5-carfaoxyvaIery!, 5-[p-(t- ^^ 

butyI)-benzoylsulfonyl]amino-5-carboxyvaleryl, 5- 
tosylamino-5-carboxyvaIeryl, 5-p-(t-biityl)-benzoyl- 
amino-5-carboxyvaleryl, acryl, benzoyl, 2,6-dime- 
thoxybenzoyl, 5-methyl-3-pheny!-4-isoxazolylcarbonyl 
and 3-0-ch!orophenyl-5-methyi-5-isoxazoly]carbonyl ^^ 
or an imido group from the group consisting of 
phthalimido, succinimido and maleinimido, said pro- 
cess comprising directly oxidizing a starting compound 
having the formula 





wherein R' and R^ arc the same as defined above, or an 
alkali metal salt, triethylamine salt or pyridine salt 
thereof in a solvent therefor, direct oxidation being 
carried out with an oxidation agent comprising a hexa- ' 
valent chromium compound selected from the group 
consisting of chromic anhydride, chromic acid t-butyl 
ester, chromyl acetate and chromyl chloride, direct 



wherein R' and R^ are the same as defined above, or an 
alkali metal salt, triethylamine salt or pyridine salt 
thereof in a solvent therefor, direct oxidation being 
carried out with an oxidation agent comprising a hexa- 
valent chromium compound selected from the group 
consisting of chromic anhydride, chromic acid t-butyl 
ester, chromyl acetate and chromyl chloride, direct 
oxidation being carried out at a temperature of about 
0° to 30°C at a pH close to the pKa of the 4-carboxylic 
group of said starting compound 

3. A process according to claim 1, wherein R" repre- 
sents hydrogen. 

4. A process according to claim 1, wherein R^ is an 
N-protected 5-amino-5-carboxyvalerylamino group 
having a protective group selected from the group con- 
sisting of benzoyl, isobornyloxycarbonyl, ^-methylsul- 
fonylethoxycarbonyl, phenylacetyl, p- (t-butyl )-ben- 
zenesulfonyl, tosyl and p-(t-butyl)-benzoyl group. 

5. A process according to claim 1 wherein the solvent 
is an organic solvent. 

6. A process according to claim 5, wherein the or- 
ganic solvent is selected from the group consisting of 
acetone, acetonitrile, tetrahydrofuran, ethyl acetate, 
chloroform, dichloromethane, ether dioxane, dimethyl- 
fomamide, dimethylacetamide, acetic acid and mix- 
tures thereof. 

7. A process according to claim S, wherein the or- 
ganic solvent is substantially anhydrous. 

8. A process according to claim 1, wherein said start- 
ing compound is in the form of a salt. 

9. A process according to claim 8, wherein the hexa- 
valent chromium compound is reacted in the presence 
of an. acid, the ratio of hexavatent chromium com- 
pound (per oxidation equivalent): acid (per mole): the 
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starting compound to be oxidized being 2:n:I wherein n 
is the number of acid groups in said starting compound. 

10. A process according to claim 1, wherein said 
hexavalent chromium compound is chromic anhydride. 

1 1 . A process according to claim 9, wherein the acid 5 
is selected from the group consisting of sulfuric acid, 
phosphoric acid and glacial acetic acid. 

1 2. A process according to claim 9, wherein the acid 
is concentrated sulfuric acid. 

13. A process according to claim 1, wherein R' repre- '0 
sents hydrogen or methoxy group. 

14. The process according to claim 1, wherein the 
reaction is effected in the presence of acid. 

15. A process according to claim 14, wherein the 
amount of acid is sufficient so that the pH of the reac- ^5 
tion system is about 2.9. 

16. A compound represented by the genera! formula: 



. l/OH 



20 



/7 ° 



wherein R^ is hydrogen, methoxy or ethoxy, and 30 
wherein R^ is an amino group acylated with a member 
selected from the group consistipg of hexanoyl, propio- 
nyl, heptanoyi, cyclopentanoyl, phenylacetyl, cy- 
clohexylacetyl, thienylacetyl, tetrazolylacetyl, cyano- 
acetyl, phenoxyacetyl. nitrophenylacetyl, phenylthioa- 35 
cetyl, phenethylthioacetyl, allylthioacetyt, benzylthio- 
propionyl, a-carboxyphenylacetyl, a-bromoprdpionyl, 
a-sulfothienyiacetyl, a-sulfophenylacetyl, a-hydroxy- 
phenylacetyl, a-phenoxybutyloyi, phenylgiycyi, cy- 
clohexedylglycyl, thienylglycyl, furylglycyl, phenylme- 40 
thylglycyl, carbamoylphenylacetyi,* 5-amino-5-carbox- 
yvaieryl, 5-ben2oyiamino-5-carboxyvaleryl, 5-(isobor- 
nyloxycarbonyl)-amino-5-carboxyvaleryI, a-(/3- 

methylsulfonylethoxycarbonyO-aminophenylacetyl, 
5-(^-methylsulfonylethoxycarbonyl)amino-5-carbox- ^5 
yvaleryl, 5-(phenylacetyl)amino-5-carboxyvalery!, 5- 
[p-(t-butyl)-benzoy!sulfonyl]amino-5-carboxyvalery!, 
5-tosylamino-5-carboxyvaleryl, 5-p-(t-butyl)-ben- 

zoylamino-5-carboxyvaleryl, acryl, benzoyl, 2,6-dime- 
thoxybenzoyl, 5-methyl-3-pheny!-4--isoxazolyIcarbonyI 50 
and 3-0-chloropheny!-5-methy!-4-isoxazolylcarbonyl 
or an imido group selected from the group consisting of 
phthalimido, succinimido and maleinimido. 



17. A compound according to claim 16, wherein R' is 
hydrogen and R^ is an amino group acylated with 5- 
(isobnrnyloxycarbonyl)-amino-5-carboxyvaIeryI. 

IS. A compound according to claim 16, wherein R' is 
hydrogen and R^ is an amino group acylated with 5- 
(phenylacetyl) amino-5-carboxyvaleryl. 

19. A compound according to claim 16, wherein R^ is 
hydrogen and R^ is an amino group acylated with 2- 
thienylacetyl. 

20. A compound according to claim 16, wherein R^ is 
hydrogen and R^ is an amino group acylated with a-(^- 
methylsulfonylethoxycarbonyO-aminophenyiacetyl. 

- 21. A compound according to claim 16, wherein R' is 
hydrogen and R^ is an amino group acylated with a-sul- 
fophenylacetyl. 

22. A compound according to claim 16, wherein R' is 
hydrogen and R^* is an amino group acylated with S-fp- 
(t-butyl)-benzenesulfonyl3amino-5-carboxyvaIeryl. 

23. A compound according to claim 16, wherein R^ is 
hydrogen and R^ is an amino group acylated with 5- 
benzoyIamino-5-carboxyvaIeryl. 

24. A compound according to claim 16, wherein R^ is 
hydrogen and R^ is an amino group acylated with 5- 
tosy!amino-5-carboxyvaleryl. 

25. A compound according to claim 16, wherein R' 
represents hydrogen or methoxy group- 

26. A compound according to claim 16, wherein R* 
represents hydrogen. 

27. A compound according to claim 16, wherein R^ is 
an N-protected 5-amino-5-carboxyvalerylamino group 
having a protective group selected from the group con- 
sisting of benzoyl, isobomyloxy-carbonyl, ^-methylsul- 
fonylethoxycarbonyl, phenylacetyl, p-(t-butyl)^beti- 
zenesulfonyl, toxyl and p-(t-butyl)-benzoyl group. 

28. A compound represented by the general formula: 




wherein R' is hydrogen, methoxy or ethoxy, and 
wherein R^ is an amino group acylated with N- 
protected 5-amino-5-carboxyvaleryI. 
■■'29. — ' 7/3-[5-(p-t-butylbenzamido)-5-carbox- 
yvaleramido3-9-oxo-lI-hydroxy-nH-furano[4,3-c3-3- 
cephem. 
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